Data on recent and historic pesticide use, pesticide application methods, and farm characteristics were collected from 35,879 restricted-use pesticide applicators in the first 2 years of the Agricultural Health Study, a prospective study of a large cohort of private and commercial licensed pesticide applicators that is being conducted in Iowa and North Carolina. (In Iowa, applicators are actually "certified," while in North Carolina they are "licensed"; for ease of reference the term license will be used for both states in this paper.) Commercial applicators (studied in Iowa only) apply pesticides more days per year than private applicators in either state. When the types of pesticides being used by different groups are compared using the Spearman coefficient of determination (r2) geneity in potential exposures to pesticides between states should be useful for subsequent epidemiologic analyses using internal comparison groups.
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INTRODUCTION
Specific agricultural agents that might be responsible for the excess risks of cancer of the lip, stomach, brain, prostate, connective tissue, and lymphatic and hematopoietic system among male farmers (Blair et al., 1985 (Blair et al., , 1993 Pearce and Reif, 1990; Blair and Zahm, 1991) have not been clearly identified, but the strongest link to date is with pesticides. In the few studies focusing on women with pesticide exposure, ovarian cancer has been linked with triazine herbicides (Donna et al., 1989) , breast cancer with insecticides (Falck et al., 1992; Wolfe et al., 1993) , and multiple myeloma (Zahm and Blair, 1992) and non-Hodgkin's lymphoma (Zahm et al., 1995; Folsom et al., 1996) with various chemicals. Exposure to some pesticides and other agricultural factors may also be associated with acute and chronic effects on the nervous, renal, respiratory, and reproductive systems of men and women (Greaves, 1992; Baker and Wilkeson, 1990) . However, much of the evidence for these effects comes from case reports and experimental animal studies, so epidemiologic studies are needed to derive etiologic conclusions.
Accurate assessment of historical exposures is difficult in all epidemiologic investigations. Problems in recalling past agricultural exposures and the possibility of case-recall bias is a concern in retrospective studies. In prospective studies, the case-recall bias is eliminated (although nondifferential misclassification may still occur) and exposure assessment is improved because of the opportunity to obtain information periodically. Many factors may influence exposure. This paper describes exposure patterns by host and farm characteristics to provide an understanding of exposure patterns and to provide information to help develop survey instruments for future interviews in this and other agricultural populations.
METHODS
A complete discussion of methods used in the Agricultural Health Study has been reported elsewhere (Alavanja et al., 1996 ; submitted for publication). This project is being conducted in North Carolina and Iowa among registered pesticide applicators and spouses of private applicators. All persons who wish to apply restricted-use pesticides in these states must obtain a pesticide applicators' license through their state Department of Agriculture. At the licensing facility, each pesticide applicator is asked to complete a 21-page, optically scannable enrollment questionnaire. In Iowa, private (99% farmers) and commercial pesticide applicators (i.e., individuals employed by agricultural dealerships, pest control companies, or by other businesses who use restricted-use pesticides) obtain licenses at the same facilities and are therefore enrolled together. In North Carolina, private and commercial pesticide applicators are licensed at separate facilities; only private applicators (91% farmers; the remainder primarily perform applications to lawn and garden) from North Carolina were enrolled.
Information from the enrollment questionnaire was used to assess pesticide-related employment (farm vs nonfarm), farm characteristics (such as farm size, type of crops grown, and livestock raised), types of pesticides used, application methods employed, and type of protective equipment used, and differences in exposure by state and license type were determined. For 22 pesticides that have widespread use in either Iowa or North Carolina, the rank order by the percentage of the population using the chemical last year was determined. The ranking was done separately for Iowa farmers, Iowa commercial applicators, and North Carolina farmers who enrolled during the first 2 years of the study. The Spearman coefficient of determination was computed to quantify the similarity of pesticide use in the three state/license categories (SAS Institute, 1993) .
RESULTS
A total of 35,879 pesticide applicators completed the enrollment questionnaire of 51,256 applicators who sought restricted-use pesticide licenses in 1994 and 1995 (Table 1 ). In Iowa, 16,193 private applicators and 4897 commercial applicators enrolled in the study, while in North Carolina 14,789 private applicators enrolled. Currently, about 3% of the applicators enrolled in the study are women and 3.1% are minorities.
Farms in Iowa (median farm size-306 acres) are larger than farms in North Carolina (median farm Table 2 ranks pesticides by percentage of applicators using the product in the year previous to enrollment in the study. Herbicides comprise 8, of the 10 pesticides used by the largest number of Iowa farmers, 9 of the 10 used by the largest number of Iowa commercial applicators, and 6 of the 10 used by the largest number of North Carolina farmers. The herbicide glyphosate was used by more than 30% of all three groups. Other herbicides, such as 2,4-D, imazethapyr, atrazine, dicamba, metolachlor, and trifluralin were used by 20-40% of Iowa farmers and commercial applicators, but by only 4 to 15% of North Carolina farmers. Chlorpyrifos is the most widely used insecticide in both Iowa and North Carolina. Fumigants (e.g., methyl bromide) and fungicides (e.g., chlorothalonil) are used more extensively in North Carolina than in Iowa. The median days of application for an average year for commercial applicators in Iowa was 43 days, while the median number of days was 13 for private applicators in Iowa and 12 days for private applicators in North Carolina. Private applicators in Iowa have been applying pesticides for more years (median years-15) than North Carolina applicators (14 years) and commercial applicators in Iowa (7 years).
In Table 3 the percentage of farms using a pesticide was rank ordered for the commodities reported by Iowa and North Carolina farmers as most frequently raised. The majority of farmers raise multiple crops; therefore, the reported pesticide use does not correlate directly with specific commodities raised. Herbicides are reported by most farmers regardless of commodity. Chlorpyrifos, an insecticide, is widely used by those growing fruit and those growing Christams trees. Fumigants such as methyl bromide are frequently used by tobacco farmers and by those who raise Christams trees. A majority of peanut farmers reported using the fungicide chlorothalonil. Herbicides are the most frequently reported chemicals among farmers who raise livestock (glyphosate, 67.8%; 2,4-D, 63.8%; atrazine, 58.5%; alachlor, 44.0%; trifluralin, 42.4%, not shown in table) presumably because most farmers who raise livestock also grow a number of crops (corn, alfalfa, soybeans, and hay) that require the use of herbicides.
We compared pesticide use for several different groups defined by state, pesticide license type, gender, and race ( Table 4) . The Spearman (i.e., rank order) coefficient of determination shows that the relative frequency of specific pesticide use is very similar for Iowa farmers and Iowa commercial applicators (r 2 "0.88). Within the same state there was also a high correlation between pesticide usage between males and females (in Iowa r 2 "0.85 and in North Carolina r 2 "0.84) and between white and nonwhite farmers in North Carolina (r 2 "0.89). Too few minority farmers exist in Iowa to make a comparison by race. A much lower correlation was seen between private applicators in Iowa and North Carolina (r 2 "0.50). The number of different pesticides used in the year prior to enrollment is shown in Fig. 1 by farm size. The number of different pesticides used increases as the size of the farm increases. For farms over 500 acres, an average of 3.1-3.5 different pesticides were used in the last year (mean"3.3); for farms between 200 and 499 acres, 2.6-2.7 different pesticides were used on average (mean"2.6), while on farms less than 199 acres 1-2 different pest-icides were used on average (mean"1.4). North Carolina farmers used, on average, slightly fewer pesticides than Iowa farmers in each category of farm size in the year prior to enrollment. The mean number of days of pesticide application increases with size of the farm, varying from 4 to 17 days for farms less than 50 acres to 44 to 51 days for farms over 1000 acres (Fig. 2) . In general, when the size of the farm is held constant, North Carolina farmers spend more days applying pesticides than Iowa farmers. For Iowa farms of less than 5 acres an unusually high average number of days are spent applying pesticides. Preliminary analysis suggests that this may be due to occupational history; the private applicators may also apply pesticides in a part time job. The frequency of use of different pesticide application equipment is shown in Table 5 for Iowa famers, Iowa commercial applicators, and North Carolina farmers. Boom-type applications and handgun spraying are common techniques used by every category of applicator, while the air blast method and aerial spraying are uncommon in every category. Other techniques vary greatly by state or license type. Backpack spraying, row fumigation, the use of gas canisters, and pouring fumigants from buckets are much more common in North Carolina, while applying in furrow or banding, spraying, injecting, using ear tags, and dusting or pouring insecticides on animals is much more common in Iowa.
The use of protective equipment by state and license type is shown in Table 6 . Of the farmers responding in North Carolina, 15.6% reported that they never use protective equipment, compared to 4.2% of the farmers and 3.2% of the commercial applicators in Iowa. The use of cartridge respirators is reported more frequently in North Carolina and for Iowa commercial applicators, compared to Iowa farmers, who rarely apply pesticides requiring cartridge respirators. Chemical, resistant gloves are used by 76% of the famers and 73.3% of the commercial applicators in Iowa, but by only 39.4% of the farmers in North Carolina. Although not recommended because of contamination concerns, fabric or leather gloves are used by 20.2% of the North Carolina private applicators but only by 13.6% of the Iowa farmers and 10% of the commercial applicators in Iowa.
DISCUSSION
While nearly all study subjects in the Agricultural Health Study have a history of extensive pesticide use, other determinants of pesticide exposure vary considerably by license category (e.g., private versus commercial). The frequency of pesticide application by commercial pesticide applicators varies greatly, but on average commercial applicators apply pesticides more frequently but have not been engaged in such work as long as private applicators. The types of pesticides used vary by state. Iowa farmers primarily use herbicides and insecticides but relatively few fungicides and fumigants. In North Carolina, farmers use many of the pesticides commonly used in Iowa, but they also use more fungicides and fumigants. In addition to corn and soybeans, which are grown in both states, North Carolina farmers raise tobacco, fruit and vegetables, cotton and peanuts. A larger proportion of Iowa farmers have livestock than North Carolina famers.
While there are substantial differences between states in the types of pesticides used, there is little difference within a state. In Iowa, commercial and private applicators used similar pesticides. Similarly, within a state, differences between the pesticides used by male and female applicators or between white and nonwhite applicators tend to be small. Farmers in Iowa and North Carolina generally grow multiple commodities; we did not obtain information on pesticide use by commodity. However, use of specific chemicals is more strongly associated with certain commodities. Several herbicides, including glyphosate, 2,4-D, atrazine, alachlor, and trifluralin were common to many different kinds of farm operations, but insecticides, fungicides, and fumigants tended to be more closely associated with specific farm operations.
Despite our concerns about multiple chemical exposures and potential reporting difficulties, questionnaire responses are generally complete and interviewers report applicators have relatively little difficulty completing the pesticide section of the questionnaire. There is some specificity and diversity of pesticide application by crop, which provides additional reassurance. The average number of different pesticides used increased with farm size and, as expected, the number of days pesticides were applied also increased as the size of the farm increased. These differences in pesticide exposure patterns (e.g., those using and those not using specific chemicals) by state and type of farm operation will facilitate the ability to make internal comparisons in subsequent epidemiologic analyses.
Different practices of personal protective equipment use and application methods also influence exposure to pesticides. Again, substantial differences were observed between Iowa and North Carolina applicators for both determinants of exposure. Using hand-held application equipment is more liable to result in exposure than other application methods (Lavy et al., 1987; Libich et al., 1984) . Several of these techniques, including row fumigation, pouring fumigants from buckets, the use of backpack sprayers, and the use of gas canisters, are employed more frequently by North Carolina farmers. Dusting or spraying livestock with insecticide, a technique also associated with relatively high exposures (PHED, 1995) , is more common in Iowa. These techniques are typically used with different chemicals.
A substantially larger fraction of North Carolina farmers do not use any personal protective equipment when applying pesticides than either Iowa farmers or commercial applicators. While the proper use of chemical-resistant gloves has been demonstrated to significantly reduce the dermal exposure to pesticides (PHED, 1995) and the use of face shields and goggles has been shown to reduce eye exposure (PHED, 1995) , many more Iowa applicators use these items of equipment than North Carolina farmers. North Carolina farmers, who are more apt to apply chemical fumigant, reported higher aggregate usage of cartridge respirators or gas masks, which are required equipment. These masks, however, are used by only a small portion of the applicators in either state.
In summary, study subjects in the Agricultural Health Study generally have made many pesticide applications per year but only a relatively small number of different pesticides are used by pesticide applicators in 1 year. While the herbicide glyphosate is used widely in each state, other pesticides differ significantly in use by state and crop type. Other determinants of exposure also vary considerably by state and license type, suggesting that epidemiologic analysis based on internal comparisons will be possible.
